Introduction 19 20
The human population has grown 7-fold since the beginning of the XIX century 21 (Speidel et al., 2009 ). This has lead to the planets natural resources being over-22 exploited, with a massive biodiversity loss, climate change and disturbance of the 23 nitrogen cycle (Rockstrom et al., 2009 ). Biodiversity reduction and climate 24 change have become major issues for social and political consideration (Lenton, 25 2011 ). However, the disturbance to the nitrogen cycle is a global problem that 26 requires closer attention. While the food demand of a growing human population 27 has so far been met by increased crop yields (Godfray et al., 2010), this 28 agricultural revolution has had a massive impact on the global biogeochemical 29 cycle of nitrogen. Addition of nitrogen fertilizers, is now estimated at ~10 11 kg 30 annum -1 (Glass, 2003; Schmer et al., 2014) . However, as around 60% of the 31 synthesised nitrogen fertilizer is not absorbed by plants, most of it leaches into 32 groundwater. Nitrogen is normally one of the limiting nutrients for 33 cyanobacterial and algal blooms and once released into groundwater it migrates 34 into seas causing dramatic changes in marine microbial populations, effecting the 35 whole marine food chain (Conley, 2012) . Fertilizers are normally over-used in 36 developed countries and plants are able to reach their current yield potential. 37
However, developing countries have to substantially improve their yield per 38 hectare (Mueller et al., 2012) . This is why it is crucial to understand how can we 39 improve plant growth with reduced dependency on expensive and 40 environmentally harmful synthetic fertilizers. 41
In the optimistic scenario that crop yield per hectare will double by 2050 (Ray et 42 al., 2013) , it will still not be enough to feed a growing population demanding 43 more animal based food in their diets (Robinson et al., 2014) . Even assuming this 44 optimistic scenario some sacrifices in the land coverage of natural habitats will 45 have to be made. The best known example of on-going deforestation is the 46 It is important that we are able to increase yields from land that has already been 55 converted into fields. One of the most sustainable ways to achieve this is to focus 56 research on the natural abilities of plants to increase yields. More than 100 years 57 ago it was noticed that the soil around the plant roots is extremely rich with 58 microbes and the term rhizosphere was coined (Hartmann, 2008) . These 59 microbes were extensively studied for their role in the plant health and with 60 increasing understanding of the processes that take place in the rhizosphere we 61 may start to utilize these relations to increase plant growth in an 62 environmentally sustainable way. Harnessing the ability of microbes to provide 63 plants with essential micro and macro-nutrients is an important goal of 64 rhizosphere plant-microbe studies. In this review we consider selected features 65 of these interactions with a focus on nitrogen-fixation as well as phosphorous 66 There is also a distinct group of actinorrhizal plants, such as Alder and Casuarina 137 that form nodules in association with N-fixing actinobacteria of the genus 138
Frankia. However, many bacteria also exist as free-living bacteria in the soil or 139 endophytes in roots (e.g. Azotobacteraceae, Cyanobacteria) and some of these 140 may fix significant amounts of N2 (reviewed in (Turner et al., 2013a) . 141
Legume nodulation appeared for the first time approximately 100 million years 142 ago (Doyle, 2011), which is more than 300 million years later than mycorrhizal 143 infection suggesting nodulation is a modification of the mycorrhizal pathway. 144
145
The ubiquity of the common SYM pathway in plant -microbe interactions begs 146 the question of whether all soil microorganisms (both symbionts and pathogens) 147 use it to gain entrance into inter-and intracellular root compartments? 148
Oomycetes use the SYM pathway to gain entry into the plant and cause diseases 149 independent data sets that cannot be correlated. However, recent research 382 focusing on the influence of wheat, oat and pea used RNA rather than DNA to 383 study the rhizosphere microbiota. Plants not only shift the microbial population 384 within each domain of life, but also there are significant changes at this level, i.e. 385 pea supports more of the eukaryotic population than oat, wheat and bulk soil 386 (Turner et al., 2013b) . Future research into soil microbiota should also show the 387 ratio of prokaryotes to eukaryotes as this may be a key element in plant 388 selection. There are two methods to do this. The first is based on amplification of 389 DNA using domain/kingdom specific primers, sequencing and estimating the 390 relative abundance of these groups against each other. In order to do that a 391 series of qPCR reactions would have to be performed on the environmental DNA. 392
The other method based on metatranscriptomics is described in (Turner et al.,  393 2013b). Briefly, environmental RNA, which is >95% rRNA, was reverse 394 transcribed into cDNA and sequenced using Illumina HiSeq (normally cDNA 395 reads would be relatively short). In this method a total PCR-unbiased microbiota 396 structure was obtained. It is worth remembering that RNA based research 397 focuses on metabolically active microorganisms rather than the total population. 
